Nerve fibres containing immunoreactive gas trin-releasing peptide (GRP) were demonstrated around pial blood vessels of cat, guinea pig, rat, and mouse. A sparse supply was found around spinal cord blood ves sels, whereas the choroid plexus seemed to be devoid of GRP fibres. Sympathectomy did not affect the number or
Several biologically active peptides have been isolated from the skin of amphibians (Erspamer and Melchiorri, 1973) . Among them is bombesin, a pep tide containing 14 amino acid residues, isolated by Anastasi et aI. (1971) . Bombesin is a potent stimu lator of gastric acid secretion and smooth muscle activity in mammals (Erspamer et aI. , 1972) .
Gastrin-releasing peptide (G RP), which is consid ered to be a mammalian counterpart of bombesin, has recently been isolated from porcine stomach and characterized (McDonald et aI. , 1979) . This peptide contains 27 amino acid residues, and the COOH-terminal region shows a striking similarity to bombesin, with 9 of 10 amino acid residues iden tical to each other. Since the biologically active part of the bombesin molecule is located in the COOH terminal region, the activity spectra of bombesin and GRP are very similar (McDonald et aI., 1981) . Radioimmunological and immunohistochemical studies have demonstrated the presence of GRP/ bombesin-like immunoreactivity in the mammalian brain and in the gastrointestinal tract (Brown and Vale, 1979; Dockray et aI. , 1979; Moody et aI. , 1980; Yanaihara et aI. , 1980 Yanaihara et aI. , , 1981 Moghimzadeh et aI. , 1983) . This study reports the localization of immu noreactive GRP in nerve fibres associated with pial blood vessels, GRP does not induce any contractile or dilatatory responses of feline pial arteries in vitro.
MATERIALS AND METHODS

Immunocytochemistry
The arteries of the circle of Willis and its major branches, blood vessels from the cerebral convexities, choroid plexus, and spinal cord were collected from five adult mice, five rats, five guinea pigs, and three cats. Mice, rats, and guinea pigs were anaesthetized with diethylether and killed by decapitation; cats were exsanguinated during pentobarbital (60 mg/kg, i.p.) anaesthesia. In three rats and two mice, the superior cervical ganglia were bi laterally removed 1-3 weeks before sacrifice.
Some vessels were stretched flat on clean microscope slides as whole mounts, fixed in a solution of formalde hyde and picric acid, dehydrated, cleared in xylene, and hydrated (Costa et ai., 1980) . In addition, segments of larger vessels were immersed in an ice-cold solution of 4% formaldehyde in 0.1 M sodium phosphate buffer (pH 7.2) for 12 h, rinsed at 4°C in a Tyrode solution containing 10 -20% sucrose for 24-48 h, frozen on dry ice, and sec tioned (20 J-lm thickness) in a cryostat at -20°C. Whole mounts and cryostat sections were then subjected to an indirect immunofluorescence method (Coons et aI., 1955) . Some of the whole mounts were subsequently washed, incubated with a peroxidase-antiperoxidase complex, and stained for peroxidase. GRP immunoreactivity was dem onstrated with an antiserum (code no. R-6902) kindly pro-vided by Dr. N. Yanaihara, Laboratory of Biorganic Chemistry, Shizuoka College of Pharmacy, Shizuoka, Japan. It was raised in rabbits against synthetic GRP (Yanaihara et ai., 1981) and has been found to cross-react with bombesin but not with substance P or physalacmin, with which it shares the two COOH-terminal amino acids. The GRP antiserum does not cross-react with structurally unrelated neuropeptide candidates (vasoactive intestinal peptide, somatostatin, enkephalin, gastrin/CCK). The an tiserum was used in a dilution of 1:640 for the cryostat sections and 1: 320 for the whole mounts. The site of the antigen-antibody reaction was revealed by fluorescein isothiocyanate labeled goat anti-rabbit IgG (DAKO im munoglobulin AB; Stockholm, Sweden) diluted at 1:20. Specimens incubated with synthetic GRP (l0-100 J..l. g/ml) (Beckman S.A., Geneva, Switzerland) served as con trols. The antiserum was inactivated also by bombesin (10-100 J..l. g), confirming that the antiserum is directed against the COOH-terminal portion of GRP.
The possibility cannot be excluded that the GRP anti serum cross-reacts with unknown peptides containing the immunoreactive amino acid sequence. It is therefore ap propriate to describe the immunoreactive material ob served in this study as GRP-like. For brevity, the im munoreactive nerve fibres are referred to as GRP fibres in the text.
In vitro pharmacology
Three cats were decapitated under sodium barbiturate anaesthesia (Mebumal®, 30-40 mg/kg, i.p.). The brain was quickly removed and immersed in a cold buffer so lution (for composition, see below). Parts of the middle cerebral artery were immediately taken out and dissected free from surrounding tissue. Care was taken to avoid stretching or other types of injury to the vessels. Vessel segments (1-2 mm long) were suspended between two L shaped metal holders. One was fixed in the bath, the other was attached to a Grass FT 03 force displacement trans ducer. Isometric tension was recorded continuously in 5ml temperature-controlled tissue baths containing a mod ified Krebs solution of the following composition (in mM):
NaCl, 119; NaHC03, 15; KCl, 4.6; CaCh, 1.5; NaH2P04, 1.2; MgCh, 1.2; and glucose, 11. The bath and stock so lutions were continuously bubbled with a mixture of 5% CO2/95% O2, giving a mean pH of 7.4. The temperature a b was maintained at 37°C. After approximately 11/ 2 h, when a steady level of 4 mN tension had been reached, the contractile capacity of the vessels was examined by ex posure to a potassium-rich buffer solution containing (in mM): KCl, 12; NaHC03, 15; CaCh, 1.5; NaH2P04, 1.2; MgCh, 1.2; and glucose, 11. After testing the contractile capacity of the preparation by potassium, the contractile effects of noradrenaline (NA), 5-hydroxytryptamine (5-HT), prostaglandin F2" (PGF2,,) , bombesin, and GRP were tested. These contractions are given in the text as a per centage of the contractions induced by 124 mM potas sium. When the dilatatory responses were examined, a steady level of contraction was first induced by 0.3-1 x 10-5 M PGF2, during which the agents to be tested were applied. For further methodological details, see Ed vinsson and Owman (1974) and HogesHitt et ai. (1983) .
Drugs
DL-Arterenol hydrochloride (Sigma), 6-hydroxytrypt amine hydrochloride (Sigma), PGF2" (Amoglandin®; Astra), papaverine hydrochloride (Sigma), bombesin, and GRP (Beckman) were dissolved in 0.9% saline just prior to the experiments.
RESULTS
Immunocytochemistry
Nerve fibres displaying GRP immunoreactivity were detected around pial and spinal cord vessels of all mammals studied. The immunoreaction was abolished by the addition of synthetic GRP or bom besin to the antiserum. Cervical sympathectomy, as studied in rats and mice, did not visibly affect the distribution or the number of GRP fibres around the pial vessels.
A sparse-to-moderate supply of varicose fibres was found around pial vessels from the convexities (Fig. 1 ) and the circle of Willis in all species ex amined (Fig. 2) . The immunoreactive fibres were located in the adventitia and at the adventitia-media border. The fibres displayed a rather wide meshed plexus around large vessels, whereas small vessels .. ' were accompanied by only single fibres. Around spinal cord blood vessels, a sparse supply of GRP fibres was noted (Fig. 3) . The choroid plexus was devoid of GRP fibres.
In vitro pharmacology
Strong contractions were induced by 124 mM K + (11 ± 1 mN, n = 8), 10-5 MNA (30 ± 11%), 10-5 M 5-HT (33 ± 9%), and 10-5 M PGF2o. (94 ± 25%), whereas GRP or bombesin were without effect. When the arteries had been contracted by 10-5 M PGF2o., papaverine (10-4 M) caused a complete re laxation (95 ± 5%). GRP and bombesin, in concen trations between 3.1 x 10-9 and 6.2 x 10-7 M, did not induce any significant contraction of resting vessels or relaxation of PGF2o.-contracted arteries (Fig. 4) .
DISCUSSION
Pial blood vessels are richly supplied with auto nomic nerve fibres. So far, histochemical and im munocytochemical studies have revealed perivas cular nerve fibres containing acetylcholinesterase, NA, vasoactive intestinal peptide, substance P, and a peptide that displays immunoreactivity against avian pancreatic polypeptide (Nielsen and Owman, 1967; Edvinsson et aI., 1972; Larsson et aI., 1976; Uddman et aI., 1981 Uddman et aI., , 1982a . In the present study, a moderate supply of fibres containing immuno reactive GRP was found around both pial and spinal cord blood vessels.
A rich supply of GRP fibres has been found in the gut and in the central nervous system (Yanai hara et aI., 1981; Moghimzadeh et aI., 1983) . In the gut, high-performance liquid chromatography anal ysis (Leander et aI., 1983) has demonstrated that the bulk of immunoreactive GRP is indistinguish able from authentic GRP. Furthermore, immuno chemical and immunohistochemical studies, using an antiserum directed against the midportion of bombesin, have indicated that bombesin does not exist in the mammalian gut (Yanaihara et aI., 1980) . No systematic study has, to our knowledge, been performed on the occurrence of GRP fibres around blood vessels. Recently, GRP fibres were demon strated around blood vessels in the inner ear of the guinea pig (U ddman et aI., 1982b). The pharmacological effects of GRP seem to be similar to those of bombesin (McDonald et aI., 1981) . Thus, both peptides stimulate secretion from exo crine and endocrine glands and modulate smooth muscle activity (Impicciatore and Bertaccini, 1973; Brown and Vale, 1979; Leander, 1983) . In addition, bombesin, given intravenously, increases systemic blood pressure (Chahl and Walker, 1981) in rats.
The present finding of GRP immunoreactive nerve fibres around cerebral blood vessels adds still an other peptide to the list of putative neurotransmit ters which may be involved in the regulation of local blood flow. The results from in vitro tests indicate that GRP does not have any direct effect on the cerebrovascular smooth muscle. An interaction with the release of other transmitters, however, cannot be excluded. The latter possibility is supported by the findings of Leander et al. (1983) that GRP and bombesin reduce nerve-mediated electrically in duced contractile responses in the guinea pig taenia coli.
